Ruminococcus albus 7 is a highly cellulolytic ruminal bacterium that is a member of the phylum Firmicutes. Here, we describe the complete genome of this microbe. This genome will be useful for rumen microbiology and cellulosome biology and in biofuel production, as one of its major fermentation products is ethanol.
The strict anaerobe Ruminococcus albus 7 (ATCC 27210) is a highly cellulolytic bacterium first isolated in 1951 by R. E. Hungate from cow rumen (9) . R. albus belongs to the phylum Firmicutes, and like other cellulolytic Firmicutes, employs cellulosomes to adhere to and deconstruct cellulose. R. albus is thought to also employ other cellulose adherence mechanisms, including Pil family proteins (11) and an exopolysaccharide glycocalyx (15) . R. albus produces ethanol and CO 2 as its major fermentation products, along with lesser amounts of acetate, formate, and H 2 (13) .
The R. albus 7 genome was sequenced at the DOE Joint Genome Institute (JGI) using a combination of 454 Titanium (10) and Illumina (1) technologies. Details of library construction, sequencing, and assembly can be found on the JGI website (http://www.jgi.doe.gov/). An Illumina GAii shotgun and three 454 Titanium libraries (one standard and two pairedend) were sequenced, generating 592 megabase pairs (Mbp) and 143 Mbp of data, respectively. All data were assembled using Velvet version 0.7.63 (16) and Newbler version 2.3 for Illumina and 454 standard data, respectively. Consensus sequences were computationally shredded into overlapping fake reads and then integrated with the 454 paired-end data using parallel Phrap, version SPS-4.24 (High Performance Software, LLC). Illumina data were used to correct potential base errors and increase consensus quality using Polisher (Alla Lapidus, unpublished data). Misassemblies were corrected using GapResolution (Cliff Han, unpublished data) or DupFinisher (8) or by sequencing cloned bridge PCR fragments with subcloning. Gaps between contigs were closed by editing in Consed (4, 5, 7), by PCR, and by bubble PCR (J.-F. Cheng, unpublished data) primer walks. A total of 457 additional reactions were necessary to close gaps and raise the quality of the finished sequence. Automated genome annotation was performed at the Oak Ridge National Laboratory and is available at http://genome.ornl.gov/microbial/ralb/.
The genome of R. albus 7 consists of a circular chromosome of 3,685,404 bp and four plasmids of 420,706 bp, 352,645 bp, 15,907 bp, and 7,420 bp for a total genome sequence size of 4,482,082 bp. The genome has a GϩC content of 43.6%, 74 tRNAs, four 23S rRNAs, four 5S rRNAs, and four 16S rRNAs; it is predicted to encode 3,872 protein sequences. The genome encodes a variety of cellulases and hemicellulases, including 3 glycosyl hydrolase (GH) family 2s (GH2s), 4 GH3s, 13 GH5s, 1 GH8, 8 GH9s, 5 GH10s, 5 GH11s, and 7 GH43s, as reported in the Carbohydrate-Active Enzyme (CAZy) database (3) . A number of these cellulase and hemicellulase genes also encode carbohydrate-binding module 37 (CBM37), which is known to aid in substrate binding and is found exclusively in R. albus (6) . Finally, genes encoding structural components of cellulosomes, such as dockerins, were found throughout the genome. The genome of R. albus 7 will be useful for comparative analyses with other sequenced Ruminococcus (2) and Clostridium (12, 14) genomes, and, given that ethanol is its major fermentation product, will serve as a useful model for biofuel production.
Nucleotide sequence accession number. The genome sequence of Ruminococcus albus 7 (ATCC 27210) is available in GenBank under accession number CP002403.1. 
